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Abstract 
In the urban developments, one of the most serious environmental problems is the introduction of pollutants lead to 
the deterioration of water quality results in high amount of heavy metals. Thus, an action is needed to alleviate 
these metals from water sources before their discharge into receiving bodies for public use. Recently many studies 
have been concern on a metal removal process called biosorption. Biosorption is a passive process involved the 
biological ion exchange which wastewater contaminants are treats as an alternative to conventional methods. The 
mechanism of biosorption can be classified according to two conditions which are the dependence on the cell’s 
metabolism and the location where the metal removed from solution is found. The efficiency of metal removal by 
selected biosorbent is essential to prepare for the industrial application of biosorption, as it gives the information 
about the equilibrium of the process that mandatory in order to design the biosorption system. As the current 
arising concerns on health effect due to metal polluted waters, there is an immediate need for in depth study of 
heavy metals removal for water resources protection. 
Keywords- heavy metals; pollutants, biological materials, biosorption 
1. Introduction  
In recent years, the deterioration of water quality caused by the introduction of pollutants is becoming one of the most 
serious environmental problems across the globe. With the rapid development of various industries such as mining, 
surface finishing, textiles, electroplating, electric appliances manufacturing, energy and fuel production, waste 
containing metals are directly or indirectly being discharged into the environment. It has to be noted that although 
each industry may have its own in-house waste management systems, releasing undesired by-products which are 
known as industrial chemical wastes in huge amount into water drainage is however deemed unavoidable.   
The freshwater reservation has over the years been challenged by heavy metal pollutants which are toxic, non-
biodegradable and persistent in nature.  Heavy metals like arsenic (As), copper (Cu), cadmium (Cd), chromium (Cr), 
nickel (Ni), zinc (Zn), lead (Pb), mercury (Hg) and manganese (Mn) are among those pollutants [1]. They leach into 
underground waters, moving along water pathways and eventually depositing in the aquifer, or are washed away by 
run-off into surface waters thus resulting in water and soil pollution.. Some heavy metals may act as essential 
micronutrients for living organisms.  However, the biotoxic effects in human biochemistry due to exceeding 
consumption above the bio-tolerance limit are of great concern. Small amount of heavy metal can result in 
physiological damage and easily absorbed into the human body [2]. For instance, chromium may possibly result in 
liver damage, pulmonary congestion, oedema and skin irritation resulting in ulcer formation and zinc toxic property is 
capable of producing general symptoms such as retardation of growth in plants, fever and edema of lungs in human 
beings [3]. Meanwhile, although iron is not directly hazardous to health but it is considered as secondary or aesthetic 
contaminant. Excess of dissolved ferrous iron gives water an unwanted metallic smell and unacceptable taste [4]. 
These elements may get solubilised in the water through natural processes and pH changes. The augmented 
concentrations of these trace elements can detrimentally affect water quality and potentially exceeding drinking water 
standards [5]. Therefore, it is necessary to alleviate these metals from water sources before their discharge into 
receiving bodies for public use. 
Several technologies exist for the remediation of heavy metals-contaminated waters ranging from physico-chemical, 
chemical and biological treatments. Physico-chemical treatments like activated carbon and membrane separation, 
although demonstrated high efficiency in metal removal, these methods facing problems of filter clogging and high 
maintenance cost. Chemical treatment such as chemical oxidation and reduction is difficult to handle and producing 
toxic intermediate in aquifer. As for biological treatments, this method provides a numbers of advantages over other 
  Integrated Water Resources Protection 
 
12 
 
 
methods such as low cost, minimization of chemical sludge production, high efficiency, regeneration of biosorbents 
and possibility of metal recovery [6]. Due to these reasons, recently many studies have shown the potential of 
exploiting low-cost biological material in a metal removal process called biosorption [7].  
Biosorption is a passive process of metal uptake and sequestering by chemical sites that naturally present and 
functional even when the biomass is dead [8]. Process of biosorption can be described as biological ion exchange 
with binding groups such as carboxyl, hydroxyl, and amino [9]. Natural biomass contains proteins, polysaccharides 
and lignin which are associated with functional groups responsible for metal adsorption [10]. Natural materials from 
agricultural by-product for example are being economic and eco-friendly due to their unique chemical composition, 
availability in large quantity, renewable, low cost and highly efficient for metal removal. Hence, those facts make them 
a good choice of metal sorbent.  
2. Advantages of Biosorption In Removing Heavy Metals 
Recent studies showed that waste products or natural abundant biomass can be used as potential biosorbents for the 
removal of heavy metals. The used of waste products can be categorized as low-cost biosorbent and therefore 
reduce the price market. Biosorption treat wastewater contaminants with low heavy metal concentration as an 
inexpensive, simple, and effective alternative to conventional methods. Furthermore, these materials can be reused 
for effluent decontamination. Since concentration of a specific metal could be attained during the metal uptake, it is 
significant to note that these sorbents appear to have an application as preconcentration agents. Some examples of 
waste products from previous studies were grape stalks wastes and peanut shell [11], [12]. 
Furthermore, Febrianto et al. [13] stated that this treatment has different advantages over conventional methods. 
Biosorption process is non-polluting, easy to operate, offers high efficiency of treatment of wastewaters containing 
low metal concentrations until part per billion (ppb) level and possibility of metal recovery. Since it comes from waste 
material, it seems to be cost-effective methods.  
A study by Vijayaraghavan and Yun [14] pointed out three principle advantages of biosorption methods for the 
removal of heavy metals. The first principle is this process can be carried out in situ at the contaminated site. 
Besides, the bioprocess technologies are usually environmentally benign which is no secondary pollution will take 
place and third, they are cost effective. Table 1 shows the advantages of biosorption process. 
Table 1:  Advantages of biosorption processes [14,15] 
Features Advantages 
Cost Low cost because most biosorbents came from industrial, 
agricultural, and other type of waste. No additional nutrient 
requirement. 
Maintenance or storage Easy to use and store. 
Regeneration and reuse High possibilities of reuse and regeneration over a number of cycles. 
Metal and toxicant 
recovery 
High possibility of metal recovery. Acidic or alkaline solutions proved 
an efficient medium to recover toxicants. 
Sludge minimization Minimization of chemical or biological sludge. 
 
3. Biosorption Mechanism  
The understanding about the mechanisms of biosorptive removal of metal ions by biosorbent is crucial for the 
development of biosorption system. The mechanism of biosorption can be classified according to two conditions: i) 
the dependence on the cell’s metabolism and ii) the location where the metal removed from solution is found. Figure 
1 shows schematically the variability of mechanisms of biosorption [16].  
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Figure 1: Biosorption mechanism (a) Classified according to the dependence on the cells' metabolism and (b) 
Classified according to the location where the metal removed is found [16]. 
3.1 Transport across the cell membrane 
The movement of metals across the cell membrane resulting in intracellular accumulation which driven by the cells 
metabolism activity. Hence, this kind of mechanism may take place only in living cells. This case of biosorption 
depends on the time required for the reaction taken by microorganism in responding to the presence of a toxic metal 
[16]. The active and passive transport across the cell membrane will be initiated by the diffusion of the metal ion to 
the cell surface of the living biomass. Once the metal was successfully diffuse into the cell surface, it will bind to the 
chemical sites that exhibit strong affinity for the metal. All living cells contain multiple binding sites that consist of 
biotic ligands, transport sites, specific and non-specific active transport sites which act as metal binding sites. 
Functional groups along the cell membrane provide the amino, carboxyl, sulfydryl, phosphate and thiol group that can 
bind metals. A research on biosorption of Cr(VI) by Arthrobacter species indicated that Cr(VI) carboxyl groups was 
the main binding sites in the cell membrane for gram positive bacteria. The bond formation could be due to 
displacement of protons which is influenced by the pH [17].  
3.2 Physical adsorption 
This mechanism is based on the psychochemical interaction between the metal and functional group exhibited on the 
cell surface. Usually, it is associated with the existence of Van der Waals’ interaction [16]. Tasaso [18] stated that the 
adsorption of copper of pomelo peel is contributed by the high pectin content in the peel as the main structural 
constituent in the plant cell wall is D-galacturonic acid which exhibits numerous negative charges of free carboxyl 
groups that form covalent bonds with two valence metal ions. Another study concluded that existence of -SH groups 
on the surface of cassava peel biomass causes the metal ions can be absorbed well [19]. The behaviour of metal 
adsorption through the mechanism of physical adsorption is usually confirmed by the analysis of the adsorption 
energy. Chemical bond energy for a covalent bond or electrostatic interaction is usually higher than 40 kJ mol
-1
, while 
induction energy is smaller than 10 kJ mol
-1
. Sorption of Pb(II), Cu(II) and Cd(II) onto HNO3 activated cassava peel 
was concluded as physical adsorption due to the range of adsorption energies obtained were between 13-22 kJ mol
-
1
. Which these are in line with the result found by Horsfall [20], declaring that adsorption process of metal ion Cu (II) 
and Cd (II) on cassava biomass is physical adsorption with an energy range of 8-16 kJ mol
-1
.  
BIOSORPTION MECHANISMS 
CELL METABOLISM 
INDEPENDENT 
CELL METABOLISM 
DEPENDENT 
Transport across 
cell membrane 
Precipitation 
Physical 
adsorption 
Ion 
exchange 
Complexation 
BIOSORPTION MECHANISMS 
CELL SURFACE 
ADSORPTION/ 
PRECIPITATION 
INTRACELLULAR 
ACCUMULATION 
EXTRACELLULAR 
ACCUMULATION / 
PRECIPITATION 
Transport across 
cell membrane 
Ion 
exchange 
Complexation 
Physical 
adsorption 
Precipitation 
(a) 
(b) 
  Integrated Water Resources Protection 
 
14 
 
 
3.3 Ion-exchange 
The mechanism of ion exchange involve the replacement of protons, alkali, alkali earth  or other cations present on 
the surface of biomass by the heavy metal ions in the solutions. Evidence presented by numerous researchers on 
biosorption studies proven that this replacement phenomenon is taking place [21] - [24]. Iqbal [25] investigated on the 
ion exchange mechanism of Cd
2+
 and Pb
2+
 sorption by mango peel. The result showed a significant replacement of 
Ca
2+
, Mg
2+
, K
+
 and Na
+
 due to uptake of Cd
2+ 
and Pb
2+
.  The author also concluded that the removal of the metal ions 
through ion exchange mechanism involves the replacement of alkali, alkali earth metal and extended to H
+
 ions that 
bound to native carboxylate groups.  
3.4 Precipitation   
Precipitation may be either cellular metabolism dependent or independent. The removal of metal from solution by 
microorganisms is often associated with their active defence system which secreting compound which favour the 
precipitation process [16]. Research on the removal of Mn(II) and Zn(II) from aqueous solutions by crab shell particles 
found that calcium carbonate (CaCO3) that constituting the crab shell favours micro-precipitation of metal ions which 
dissociated to Ca
2+
 and CO3
2-
 [26]. 
3.5 Complexation 
The removal of metal sorbate from solution may also happen through complex formation on the cell surface after the 
interaction between sorbate species and active groups [16]. This mechanism was found to be the mechanism 
responsible for the uptake of Cr(III) by microalgal isolate, Chlorella miniata [27]. Meanwhile, for Mn(II) biosorption by 
green tomato husk modified by formaldehyde was proposed to take place not only through ion-exchange mechanism, 
but also involve complex metal formation between the metal ion and the organic functional group of the modified 
tomato husk [28].  
4. Factors Affecting Biosorption 
The research on the efficiency of metal removal by selected biosorbent is essential to prepare for the industrial 
application of biosorption, as it gives the information about the equilibrium of the process that mandatory in order to 
design the biosorption system. Since biosorption is determined by equilibrium, it is largely influence by several factors 
such as pH, particle size, temperature, biosorbent dosage and agitation rate. 
4.1 pH 
pH is one of the most crucial environmental variable governing the biosorption of the metal ions by biosorbent. It is 
not only influencing the functional groups but also the solution chemistry of the heavy metals [29]. pH affects both the 
solubility of metal ions and the ionization states of functional groups, such as carboxyl and hydroxyl on pectin- and 
cellulose-rich sorbents. At low pH, carboxyl and sulfate groups for example, will be protonated due to their acidic 
property, thereby become less attracted for metal binding. Binding of many metals increase as the pH increase due to 
the basis of decrease in competition between protons and metal cation for the same functional groups [30, 31]. 
Nadeem et al. [32] pointed out that pH seems to be an important parameter since it affected in the adsorption 
process. From their studies, the highest uptake capacities occurred at pH 3.5. However, the overall uptake capacity 
of metal decreased as pH increased up to 5 since the presence of insoluble precipitation.  The metal speciation study 
of Cd
2+
 and Pb
2+
 ions was determined by Iqbal [25]determined  that free Cd
2+
 and Pb
2+
 ions were the predominant 
species at the pH values below 8 and 6, respectively. At pH values higher than 8 for Cd
2+
 and higher than 6 for Pb
2+
, 
several low-soluble hydroxyl species may be formed, such as Cd(OH)2, Cd(OH)3 and Pb(OH)2. 
4.2 Temperature 
Temperature is an important parameter in adsorption reaction. Based on the adsorption theory, adsorption decreases 
with increases in temperature and molecules adsorbed earlier on a surface tend to desorb from the surface at 
elevated temperature [33]. However, many studies proven that temperature seems not affecting biosorption process 
in the range of 20°C – 35°C [34]. At high temperature, the tendency of metal ions to escape from the biomass surface 
to the solution phase is increased, which causing in a decrease in adsorption [35]. 
Higher temperatures usually enhance sorption due to the increases in its surface activity and kinetic energy of the 
solute. However, higher temperature can also cause physical damage to the biosorbent. Due to the exothermic 
nature of some biosorption processes, an increase in temperature reduces the biosorption capacity of the biosorbent. 
The room temperature is usually desirable for the biosorption processes, as this condition is easy to replicate [13]. 
Therefore, it is a critical factor that needs to be studied and considered as important factor since its affect to 
biosorption processes.  
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4.3 Biosorbent dosage 
Process of biosorption is also influenced by the concentration of biomass in the solution. High dosage of biosorbent 
was suggested leads to interference between the binding sites. Decrease of biomass concentration in the suspension 
at a particular metal concentration enhances the metal-biosorbent ratio, thus increases metal uptake per gram of 
biosorbent, as long as the biosorbent is not saturated [36]. Azizul-Rahman [37] reported that the removal of Pb(II) by 
watermelon rind reached up to 77.00% by increasing amount of the sorbent from 0.01g to 0.02g and then stayed 
constant up to 0.04g of sorbent dosage. Similar type of result was noted by a biosorption study using pomegranate 
waste [38]. 
4.4 Agitation rate  
The percentage of the metal uptake increasing with the increase in agitation speeds due to the change in the 
boundary layer resistance of the sorption system. The boundary layer resistance will be affected by the rate of 
adsorption. Increasing the agitation rate will reduce this resistance and mobility of the system thus forcing the 
attraction of sorbate towards the sorbent [39]. Furthermore, low agitation speed tends to accumulate the adsorbent at 
the bottom, instead of spreading in the solution that result in burial of various active sites under the above layers of 
adsorbent. Since adsorption is a surface phenomenon, under buried layers do not play their role in metal uptake. 
Agitation rate should be adequate to guarantee all the binding sites are accessible for metal uptake. However, higher 
speed might lower the metal removal due to insufficient time for metal ion adsorption.  
A study by Nadeem et al. [32] showed that Pb(II) uptake increases with the increase in shaking rate in the range 50–
400 rpm and the highest uptake obtained at 400 rpm. This is due to the fact that the increase of agitation speed, 
improves the diffusion of Pb(II) ions towards the surface of the adsorbent. The results also show that shaking rate in 
the range 50–400 rpm is sufficient to assure that all the surface binding sites are readily available to Pb(II) uptake. 
Therefore, the effect of external film diffusion on adsorption rate can be assumed not significant and being ignored in 
any engineering analysis.  
4.5 Initial metal ion concentration 
Higher metal concentration causes a stronger driving force of the concentration gradient and leads to higher uptake 
capacity [40]. Meanwhile, at lower initial solute concentrations, the ratio of the initial moles of solute to the available 
surface area is low. As a result, the fractional sorption becomes independent of the initial concentration. In contrast, 
the sites available for sorption become fewer compared to the moles of solute present at higher concentrations. 
Hence the removal of solute is strongly dependent on the initial solute concentration. Therefore, experiments should 
be conducted at highest possible initial solute concentration to achieve maximum potential of a biosorbent [13].  
Percentage of metal removal of Cucumis melo rind for Fe(II), Mn(II) and Pb(II) was noted to decrease with the 
increase in metal ion concentration with the maximum removal of 97.18%, 97.53% and 99.56% respectively for Fe(II), 
Mn(II) and Pb(II) [41]. These trends indicate that surface saturation is dependent on the initial metal ion 
concentrations. At low concentrations, binding sites took up the available metal more quickly [42]. In addition, the 
number of collisions between metal ions and the biosorbent increases with increasing initial metal concentration, 
thus, the biosorption process is enhanced [43]. It also has been suggested that this observation is due to reduction in 
ratio of sorptive surface to ion concentration [44]. 
4.6 Contact time 
Many studies suggest that sorption process can be divided into two stages. The first stage is rapid and quantitatively 
predominant while the second stage is slower and quantitatively insignificant. The rapid stage is probably due to the 
abundant availability of binding sites on the biosorbent, while in later stage, gradual occupancy of the binding sites 
cause diminution in sorption capacity [45]. The difference in the rate of metal removal by biosorbent also can be 
explained in terms of difference in the ionic size of metals, the nature and distribution of active groups on the 
biosorbent and the mode of interaction between metal ions and biosorbent [46]. 
The sorption trends of three metal ions onto Cucumis melo rind over the contact time are studied by Mohd-
Asharuddin [41]. The findings indicate that the removal of Fe(II), Mn(II) and Pb(II) were rapidly occur within the first 20 
minutes before reaching equilibrium in approximately 45 minutes. This observation is in conformity with several other 
works. Vaghetti [7] reported that the biosorption of Mn(II) and Pb(II) by pecan nut shell were rapid for the first 2 hours 
before it reaches equilibrium within several hours. Study on the biosorption of Pb(II) and Mn(II) by maize husk 
revealed that rapid metal sorption occurs within the first 20-30 minutes before the sorption process remains relatively 
constant [47]. Similar trends were observed on the uptake of Pb(II) by pomegranate waste. The study demonstrated 
that the biosorption took place in two steps, a rapid surface adsorption within first 30 minutes and slow intracellular 
sorption up to equilibrium [37]. 
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5. Potential Biomass For Biosorption  
A successful removal of metal ions by the means of biosorption process requires preparation of good biosorbent. The 
process begins with selection of biomass to be used as the sorbent species. Some biosorbents were modified and 
immobilized to increase metal uptake capacity [48, 59]. In recent times, studies of biosorption have emerged to 
employ eco-friendly, effective and low-cost material biosorbents. These biosorbents come from diverse origin. Some 
studies exploit the advantage of using living biomass, while another studies employing non-living biomass to remove 
metal toxicants. 
Pollutants like metals can be removed by living and non-living biomass. However, feasibility studies for large scale 
applications have proven that biosorptive process using non-living biomass are more applicable than bioaccumulation 
process using living biomass since the latter require nutrient supply and complicated bioreactor systems [14]. 
Besides, it is difficult to maintain a healthy microbial population due to toxicity of pollutant being extracted, and other 
stressing environmental factors such as temperature and pH of the solution being treated. Moreover, it is necessary 
to supply nutrients such as molasses and sucrose as energy source to the growing cells.  In addition, recovery of 
valuable metals may also limited in living cells since the metal may be bound intracellularly. Due to these reasons, 
attention has been focused on the use of non-living biomass as potential biosorbent [37]. However, in biosorption 
using living cells, it is possible to reach lower residual concentration of sorbate because the cells offer more binding 
sites both on the surface and inside the cells, thus additional amount of sorbate can be bound to the sites depending 
on the equilibrium biosorption dependence [8]. 
Non-living biomass has several advantages because it shows metabolism-independent metal transport into the cell 
which it is not pH and temperature sensitive. In addition, non-living biomass is not affected by the toxicity of the metal 
ions. Moreover, this type of biomass can be subjected to different chemical and physical treatment techniques to 
enhance their performance. Chemical treatment techniques such as acid or base pre-treatment have usually shown 
an increase in biosorption performances of plant biomass due to re-organization of cell wall structure [50]. 
6. Characteristics of Potential Biomass For Biosorption 
There are many chemicals or functional groups that can attract and sequester pollutants, depending on the choice of 
biosorbent. Biosorbent that consist different amount of chemical functional groups such as amide, amine, carbonyl, 
carboxyl, hydroxyl, imine, imidazole, and others were responsible for biosorption of metal ions. These functional 
groups are the potential sites for adsorption and the uptake of metal depends on various factors such as abundance 
of sites, their accessibility, chemical state, and affinity between the adsorption site and metal [51,52].  
Besides, surface properties of biosorbent can be considered as a factor providing an increase in the total surface 
area. In addition, the fibrous and pore structures of the biosorbent could reduce the diffusional resistance and 
facilitate mass transfer because of their high internal surface area. Porous surfaces of the biosorbent are 
recommended as a good characteristic to be employed for metal ion uptake [53-55].  
Moreover, biosorbent contain high calcium, magnesium, silica, pottasium and others were also considered as an 
important element in biosorption process [55,56]. A study by García-Mendieta et al. [28] correlate the function of K
+
, 
Ca
2+
, and Mg
2+
 in involvement of biosorption process through precipitation, ion exchange, and complexation 
mechanism. They study on biosorption using green tomato husk modified with formaldehyde for removal of iron 
(Fe
3+
), manganese (Mn
2+
) and iron–manganese from aqueous systems. Initially, the alkali and alkaline earth metal 
ions, especially K
+
, Ca
2+
, and Mg
2+
 are bound onto the organic functional groups in the FMH. When the heavy metal 
ions (Fe
3+
 and Mn
2+
) are introduced into the solution, they compete with the organic functional groups for the 
adsorption sites. As the binding strength (affinity) between the Fe
3+
 and Mn
2+
 and functional groups is greater than 
affinity between K
+
, Ca
2+
, and Mg
2+
 and functional groups, Fe
3+
 and Mn
2+
 were then adsorbed onto the biosorbent 
The characteristics of Cucumis melo rind as potential biosorbent for metal uptake were reported by S. Mohd-
Asharuddin [41]. Result from XRF analysis revealed that the most abundance constituent in the biosorbent is silica, 
SiO2 which comprises of 35.30%. High content of silica could contribute to high metal uptake driven by ion exchange 
mechanism [57]. SEM micrograph of the unloaded biosorbent indicates rough, irregular and porous structure of 
surface which indicative of a good characteristics to be employed as a natural adsorbent for metallic ions uptake [58]. 
While the FTIR analysis from the study showed that the principal functional groups taking part in the sorption process 
included hydroxyl and carboxyl groups.  
A biosorbent characterization study using Mozambique Tilapia scales conducted by Zayadi [59] reported that the fish 
scales contains calcium oxide, that indicate the fish scale able to adsorb heavy metal. The author also suggests the 
involvement of carbonyl and amine group in the biosorption process that promotes the efficiency of the fish scales to 
absorb metal ions. 
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7. Conclusions 
Biosorbent from natural biomass have gained growing interests from researchers over the years especially due to 
their biodegradability and eco-friendly nature. Various selection of natural biomass including fruits waste, fish scales, 
crab shells as discussed in this work have demonstrated interesting chemical composition and promising uptake of 
metallic ions. In line with current arising concerns on health effect due to metal polluted waters, there is an immediate 
need for in depth study that address not only fundamental aspects of biosorption, but also applied aspects with 
regards to biosorption mechanisms, metal desorption, biosorbent regeneration as well as suitable formulation for real 
scale application.  
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